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432 Dr. A. S. Eve : A Comparison of tl~e Ionization 
Bv simultaneous observations on the current at. each zone 
of tt~e plate described above, it was possible to test whether 
similar effects were present in MI'~ but had not been pre- 
viously detecte:t owing to the absence of a glow at the plate. 
Thus any contraction of the area of discharge (corresponding 
to a contraction of the glow in the case of hydrogen) would 
be shown by a sudden increase of the deflexions of the galvano- 
meters connected to the inner zones and a sudden diminution 
in deflexion of those connected to the outer zones when the 
total cm-rent was maintained constant. No such effect in 
air was observed. Also when fluctuations of the total current 
occurred they were invariably accompanied by fluctuations 
of the same sign at each zone simultaneously. 
A method of comparing the specific velocity of ions under 
different physical conditions, from the distribution of current 
over the .plate in point-plate discharge, has been tested for the 
ions in mr. 
The observed ratio of velocities of theso ions at atmospheric 
pressure agrees with the accepted value. Owing, however, 
to the breakdown of assumptions as to the nature o[ the 
discharge the method cannot be applied to lower pressures, 
and for the same reason has probably only a restricted a ppli- 
cation in general. 
In the light of these results the question of the presence 
of a discharge from the plate is discussed, with the conclusion 
that though certain facts strongly point to its presence, it is 
not necessary to the explanation of the above work. Finally, 
certain special cases of discharge from the phlte met with in 
earlier work have been further investigated. 
XXXVII I .  A Comparison of the Ibnizati'on within closed 
vessels due to R6nt.qen aT~d Gamma Rays. By A. S. EVE, 
.D.Sc., McGill University, Montreal *. 
I F closed cylindrical vessels~ made of various metals, equal in height and diameter, and with walls at)out half a 
millimetre thick, are exposed to the action of ItSatgen rays 
and o[ the 7 rays from radium C respectively, then tile 
results obtained give a comparison of the ionizing effects of 
the two types of rays. 
The results are at first sight Smlorising. 
* Communicated by the Author. 
D
ow
nl
oa
de
d 
by
 [U
niv
ers
ity
 of
 C
ali
fo
rn
ia,
 Sa
n D
ieg
o]
 at
 12
:54
 29
 Ju
ne
 20
16
 
within closed vessels due to R6ntgen and Gamma Rays. 433 
Ionizations. 
Metal .  Thickness.  
Lead  2" 1 ram. 
Copper  ",54 ,, 
Z inc "44 ,, 
I ron  "55 ,, 
A lumin ium ... "60 ,, 
Cardboard  . . . . . . . . .  
Dens i ty .  
11"3 
8"9 
7'1 
7"8 
2"6 
X Rays.  y Rays. 
1 8 100 
82 69 
11l 69 
100 68 
126 58 
125 49 
Atomic weight. 
207 
636 
65'4 
55'9 
27"1 
It will at once be seen that with RSntgen ravs the heavier 
metals permit of less ionization, within the testing vessel, 
than do the lighter metals. But with ~, rays the metals with 
the higher atomic weight give rise to stronger ionization, 
within the vessels, than do those with lower atmnic weight. 
EuTerimental _Details. 
Three different methods ~ere employed and these gave, 
broadly speaking, ~oncordant results. 
(1) A very thin-walled electroscope, supported on light 
pillars, was covered in turn with cylinders, having the upper 
end closed, made of the metals named above. After taking 
the initi~,l reading the electroscope was covered with the 
inverted vessel and exposed for a known time to the action 
of X or 7 rays. The vessel was then removed and the fall 
of potential determined. 
(2) An axial rod was placed in turn within the cylindrical 
vessels, and this rod was connected to a small electroscope 
above a lid covering the vessel. 
(3) Inverted cylinders, 30 cm hig]a, 17 cm. in diameter, 
were placed in turn on the upper platform of the well-known 
Wul[ electrometer. The long axial rod, ahout 30 era., sold 
with the instrume~Jt, was charged initially to 200 volts, and 
the fall of potential due to the respective rays was measured 
and the natural eak deducted. 
For the 7 rays 14 rag. of pure radium bromide in a test~ 
tube was placed within a lead cylinder, 6 ram. thick, between 
the poles of a powerful electromagnet. In this way the 
/3 rays from the radium were absorbed and the emergent 
/3 rays due to the 7 rays passing through the lead cylimler 
were for the most part deflected from the electroscope which 
was a metre and a half away. 
The results given below to an arbitrary scale, withou~ and 
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434 Dr. A. S. Eve :  A Comparison of the Ionization 
with the magnetic field, show the necessity for this pre- 
caution. 
1)b  . . . . . . . . . . . . . . . . . . . . .  
Ca  . . . . . . . . . . . . . . . . . . . . .  
in  . . . . . . . . . . . . . . . . . . . . .  
Fo  . . . . . . . . . . . . . . . . . . . . .  
,$tl . . . . . . . . . . . . . . . . . . . . .  
Cardboard ............ 
No magnetic field. Magnetic field. 
11"1 
7"8 
8'0 
7"0 
7"1 
7"0 
10.9 
7"6 
7'6 
7"5 
63 
5"3 
The RSntgen ra~s came from a rather hard bulb (~ in air 
equal to "0004 cm.-  ), and it was necessary to cut down the 
intensity of the rays by a plate of lead 1'8 ram. thick placed 
near the bulb, which was six metres from the electroscope. 
The time of exposure was governed by a control electroscope. 
Experiments were also made with softer rays, and the 
results may be contrasted, iron in each case taken as 
standard. 
'Pb ............ 
Cu . . . . . . . . . . . .  
Zn  . . . . . . . . . . . .  
Fe  . . . . . . . . . . . .  
AI ............ 
Car~boa~rd  . . .  
T . . .  Soft mcKness. X Rays. 
2"1 ram. 1 small 
'5t ,, / 68 
9 44 ,, 121 
9 54 ,, 100 
60 , ,  238 
~Zrard 
Rays. 
82 
l l l  
100 
126 
1:2,5 
Hard X thick- 
l~.ess Xdensity. 
195 
430 
345 
893 
400 
Hard • Jhick. 
ness• atomic 
weight. 
780 
2810 
3190 
3080 
2080 
I t  was necessary to make the lead vessel fairly thick 
(2"1 ram.) in order to secure rigidity, I t  ~as three or four 
time~ as thick as the other vessels, The high values for zinc 
are in part due to its relative thinness. 
l_)i, scussioa. 
The problem appears to be too complex for reduction to a 
simple formula. I t  is, howeyer, possible to give a satis- 
factory general explanation of the results, and to show that 
the ionization effects obtained are not out of harmony with 
the view ~hat X and 7 rays are similar in type. 
The explanation is derived from Bragg's  theory of the 
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wlthbr closed vessels due to RSntgen and Gamma Rays. 435 
nature of the ionization produced by RSntgen and y rays, 
and from the remarkable xperimental verification obtained 
by C. T. R. Wilson by photographs of ionization ei~hcts in 
an expansion-chamber. 
In the case of RSntgen rays, ionization appears to be duo 
to the expulsion of electrons from air or other substances, 
and these electrons, having paths about a millimetre in length, 
produce groups of electrons along those paths. 
In the present experiments the testing vessels cut down 
the intensity of the RSnfgen rays to an extent mainly de- 
pendent on the thickness and density of the walls. The 
electrons are projected from the air and from the walls, with 
velocities ofttm order 109 cm. sec. -1, and have irregular paths 
about a millimetre in length. Hence there is least ionization 
with thick or heavy walls which cut off the primary and 
secondary RSntgen rays, and prevent them from causing 
volume ionization of the air within. 
But with ~/rays the ionization is mainly due to the electrons 
with much higher velocity expelled by or from the 7 rays, 
chiefly on meeting the walls of the vessel. These electrons 
have velocities of the order of those of the /~ rays from 
radium C, 101~ era. sec -1, with an average path of one or 
two metres. Moreover, many electrons, before absorption, 
will be reflected again and again from the sides of the vessel~ 
ionizing the air along their paths. 
The exten~ of ionization duo to multiple reflexion may be 
gauged from the results of Kovarik ~, who experimented 
with/~ rays striking reflectors above and below his testing 
vessel. 
Ionization Measurements. 
~b . . . . . . . . . . . . . . . . . . . . .  
in  . . . . . . . . . . . . . . . . . . . . .  
Cu . . . .  , . . . . . . . . . . .  0 . . . .  
Fe  . . . . . . . . . . . . . . . . . . . . .  
A1  . . . . . . . . . . . . . . . . . . . . .  
Cardboard ............ 
Kovarik. 
/3 rays with 
multiple reflectors. 
100 
7O'5 
69"5 
65'0 
51 
42 
Testing vessels 
and 7 rays. 
100 
69 
69 
68 
58 
49 
The agreement between his results for /~ rays and my 
results with 7 rays is sufficiently good to indicate that 
* Phil .  Mag. November 1910. 
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436 Ionization due to R6ntgen and Gamma Rays. 
multiple reflexion of the secondary fl rays, originating at 
the walls when the ~/rays trike them, is the principal cause 
of the ionization within the testing vessels The effect is 
controlled by the atomic weight of the material of the wails 
of the vessel. 
Moreover, the ~/rays which strike the concave or further 
side of the vessel produce " inc ident"  ~ rays to an extent 
also dependent on the atomic weight. 
But as Bragg has shown, this is not the case with the 
"emergent"  secondary radi~ttion arising on the convex side 
where the ~/ rays first strike. Ill this case the ionization 
plotted against he atomic weight gives a U-shaped curve, so 
that aluminium is about equal to lead as an ionizer. 
So far as the " emergent" electrons are concerned, we 
might expect an almninium vessel to give as much ionization 
as a lead vessel, with penetr~ting 7 rays and s,,itable thick- 
hess of walls. But such a result wouhl be difficult or im- 
possible to realize, because tile " incident" radiation and the 
multiple reflexion together quite overwhehn and mask this 
emergent radiation effect. 
The influence of the thickness of the walls is not very 
pronounced in the case of the ~/rays; but of course very 
thin or very thick walls alike give small results. The curve, 
ionization plotted against thickness, rises rapidly from the 
origin to a mu,ximum and proceeds with a slow decrease, and 
is represented by the difference of two exponentials. 
The results obtained then agree well with the view that 
the RSntgen rays ionize mainly or wholly by electrons pro- 
jected with velocities of the same order as those of the 
cathode rays ; and that the ql rays from radium C also ionize 
mainly or wholly by electrons projected with velocities of 
the same order as those o[ the f~ rays from radium C. 
With the X rays these electrons originate chiefly it1 the 
air in the testing vessel, but with the 7 rays for the most 
part, fl'om the walls. 
Some experiments made with very thin-walled oleetro- 
~opes indicated that with RSntgen rays the ionization within 
iron or zinc vessels about half a millimetre thick is only 15 
or 16 per cent. of that in the free air. 
But with ~/ rays the ionization in such vessels is about 
140 per cent. of that in the free air. The experiments in 
each case were made in the centre of a fairly large room 
~yith brick walls, 
McGill University, 3h)ntreal~ 
June, 15, 1912. 
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